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Abstract
Background: Single photon emission computed tomography (SPECT) following injection of
radiotracer during a seizure is known as ictal SPECT. Comparison of an ictal SPECT study to a
baseline or interictal study can aid identification of a seizure focus.
Case presentation: A young woman with encephalitis and refractory seizures underwent brain
SPECT during a period of frequent seizure-like episodes, and during a seizure-free period. A focal
area of increased radiotracer uptake present only when she was experiencing frequent seizure-like
episodes was originally localized to the brainstem, but with later computerized co-registration of
SPECT to MRI, was found to lie outside the brain, in the region of the sphenoid sinus.
Conclusion: Low-resolution SPECT images present difficulties in interpretation, which can be
overcome through co-registration to higher-resolution structural images.
Background
Radiotracers used for brain single photon emitted com-
puted tomography (SPECT) pass the blood-brain barrier
and bind intracellularly on their first pass through the cir-
culation, providing a "snapshot" of cerebral perfusion at a
particular timepoint. When injected during a focal epilep-
tic seizure, an area of significantly increased radiotracer
uptake typically corresponds to the region of maximal
abnormal activity, often the seizure focus. This ictal pat-
tern of cerebral blood flow can be compared to an interic-
tal/baseline pattern obtained when the patient is not
having a seizure, to provide unique information about the
nature and location of a patient's epileptic focus, which
can be used to guide therapy [See [1] for a review of the
use of SPECT in epilepsy].
Case presentation
A previously-healthy young woman developed behavioral
changes followed by seizures and refractory status epilep-
ticus. She was diagnosed with encephalitis and treated
with antiviral and multiple antiepileptic agents. She
required nasotracheal intubation and mechanical ventila-
tion for respiratory support. She experienced persistent
episodes of facial twitching resembling seizures. These
episodes were not however associated with an ictal EEG
pattern on continuous video/EEG monitoring. To clarify
the nature of these episodes, 99mTc-HMPAO was injected
during a period of frequent twitching. Brain SPECT
showed a prominent focus of increased uptake interpreted
by the radiologists and clinical team as arising in the
upper brainstem (Figure 1A.) A repeat study (using
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longer occurring, showed resolution of this increased
uptake (Figure 1B). These findings were considered to
support a diagnosis of seizures/repetitive myoclonus orig-
inating from the brainstem. Although brainstem seizures
in humans remain a controversial entity, there are reports
in the medical literature of seizures and seizure-like move-
ments related to brainstem lesions [2-4] making this a
plausible diagnosis in this case, based on clinical, EEG
and SPECT findings. Antiepileptic and supportive treat-
ment were continued, but the patient's disease proved
fatal. No autopsy was performed.
With later co-registration of SPECT data to the patient's
MRI using a computerized medical image registration and
visualization program, [5] the area of increased radi-
otracer uptake was seen to be anterior to the brain, likely
in the sphenoid sinus, consistent with sinusitis (Figure
1C). MRI showed prominent maxillary and sphenoidal
sinus mucosal thickening also consistent with sinusitis.
Chronic nasotracheal intubation is commonly accompa-
nied by sinusitis, [6] which may resolve with removal of
the offending tube, as was performed in this case when the
patient underwent tracheotomy during the interval
between the first and second SPECT scans.
Conclusions
The nature of this patient's twitching episodes remains
uncertain, though they were likely due to epileptic activity
involving too small a volume of brain to be detectable by
either EEG or SPECT. Her case is described here to illus-
trate a previously-unreported pitfall in the interpretation
of brain SPECT studies, with the goal of emphasizing the
importance of image co-registration in nuclear medicine.
Diagnostic limitations inherent to low-resolution images
can be overcome through use of computer software to
accurately co-register brain images of different modalities
acquired separately (as described here) or hybrid medical
devices such as PET-CT scanners to automatically fuse
simultaneously-acquired images. Both methods have
been shown to be superior to visual inspection and men-
tal integration of information by experienced radiologists
[7,8].
List of abbreviations
SPECT: single photon emitted computed tomography;
MRI: magnetic resonance imaging; EEG:
electroencephalography
Competing interests
The author(s) declare that they have no competing
interests.
Authors' contributions
TB performed image analysis and co-registration and
drafted the manuscript. LJH identified the patient, con-
ceived of the study, and drafted a preliminary version of
the manuscript. JC participated in data collection and
analysis. All authors read and approved the final
manuscript.
Acknowledgements
The authors thank Hal Blumenfeld, MD, PhD, and Kelly McNally for sharing 
their knowledge of SPECT analysis and interpretation.
References
1. Brinkmann BH, O'Brien TJ, Mullan BP, O'Connor MK, Robb RA, So
EL: Subtraction ictal SPECT coregistered to MRI for seizure
focus localization in partial epilepsy. Mayo Clin Proc 2000,
75(6):615-624.
2. Silverstein A: Primary pontile hemorrhage. A review of 50
cases. Confin Neurol 1967, 29(1):33-46.
A: Axial, coronal and sagittal 99mTc-HMPAO SPECT images of the brain btaine during a facial twitching episode show mod rate to sever  heterogeneous cerebral hypoperfusi nwit  an apparent focu  of incre sed radiotracer uptake near the m dbrainFigure 1
A: Axial, coronal and sagittal 99mTc-HMPAO SPECT images 
of the brain obtained during a facial twitching episode show 
moderate to severe heterogeneous cerebral hypoperfusion 
with an apparent focus of increased radiotracer uptake near 
the midbrain. B: 99mTc-ECD SPECT image of the brain 
obtained two weeks after (A) during a period free from 
twitching shows resolution of the area of increased uptake. 
C: Computer-generated depiction of A-B overlayed onto a 
co-registered MRI shows the area of increased uptake to lie 
outside the brain. See [5] or http://rview.colin-stud 
holme.net/ for image analysis and alignment methodology.Page 2 of 3
(page number not for citation purposes)
BMC Nuclear Medicine 2004, 4:2 http://www.biomedcentral.com/1471-2385/4/2Publish with BioMed Central   and  every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
3. Ropper AH: 'Convulsions' in basilar artery occlusion. Neurology
1988, 38(9):1500-1501.
4. Saposnik G, Caplan LR: Convulsive-like movements in brain-
stem stroke. Arch Neurol 2001, 58(4):654-657.
5. Studholme C, Hill D, Hawkes J: An overlap invariant entropy
measure of 3D medical image alignment. Pattern Recognition
1999, 32(1):71-86.
6. Hansen M, Poulsen MR, Bendixen DK, Hartmann-Andersen F: Inci-
dence of sinusitis in patients with nasotracheal intubation. Br
J Anaesth 1988, 61(2):231-232.
7. Zubal IG, Spencer SS, Imam K, Seibyl J, Smith EO, Wisniewski G, Hof-
fer PB: Difference images calculated from ictal and interictal
technetium-99 m-HMPAO SPECT scans of epilepsy. J Nucl
Med 1995, 36(4):684-689.
8. Schillaci O, Danieli R, Manni C, Simonetti G: Is SPECT/CT with a
hybrid camera useful to improve scintigraphic imaging
interpretation? Nucl Med Commun 2004, 25(7):705-710.
Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2385/4/2/prepubPage 3 of 3
(page number not for citation purposes)
